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Factors· Affecting the Properties of the MagnesiUJJl Manganese Ferr.ite 
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Many factors of importance in the ferrite m~ory. -sheet have been 
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reported as· -being .. influenced by use of zinc in the·composition. The 
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StJccess of a: manufacturing operation is dep~ndent on the ability- of 
· th~ process to produce. ferr-ite sheets of. consistent properties, both·· 
... mechanical and m~gnetic, sheet-to-sh~et and hole--.to-hole. · 
.. 
~ _.........:::::~=--.:...._ _____ _ .._, 
' ' j--, 
·--=-' ,: 
. '{ . • .._,, ,, !_ . · :<· .-'. ,~ . . . . -. :-·' :".. , .... ·. .- -. • . 1 • ... -. "': .. 
• < •· •• 
....... ··:··.-- . ...l......:-..........C....----· 
·:. .• :. ,. : 
...... ____ ., .. , .. ,.......;...... __ _ . , .. 
~~--:·· " 
- :,:. 
. -::- - - -'; -- · .. -~ .. -.·--=····-·· -
··-"~~ . . 
. -
•\ ~,:_ 
\ . .. . ., ·: . \ .. •'. 
-. 
. ,· , ... ' 
\ .. 
. ,/ 
.,.· . 
-· ... ,.·,, 
-!"'", 
..... - ~ ,• Jr.: • 
"' 
~- -
. • • ' r 
.•· 
.~-. -
. . , 
'-----.- - .. ", _. -.---·- --·-·~- --· . ' -·----------·· ---- . ~--- : .. : '.. . .. - , -- ·•. . - : .... --..... \·· -·-- ' . ·:__,__ · ....... _ ·-·--- ...... 
' . ~. .~ 
..... 
~ 
• I 
' 
. ·-··. ___ __.__ _ _.___ __ 
.:: . /.: : / . - ' ~ - --; -.. -:- - - :-" :_ :- 9. ' ;, .. J . . ..,._ ,: '. 9 ., ... ,. ---6. 
. ~- ·" 
. , 
' . f ••• ' 
' . ,r 
:- ~ 
. .. 
... -~-
'I 
-,.,.... .... . .- ' 
i . 
I • 
.. 
! .. 
' '· 
, .. ,., ,' 
.. 
·· .. · ... , ".-· ,-;-
;, .. 
\ 
:... :..•"1 .,: 
.. 
,. 
. .. 
- ··-·-- .. :-.. - .. -···· ··-----· •· .... ·.·.' ••. --~:'-.-.-..... ---•.••. ·•· ..• • ... ·-----·-~.,~--·. . . ' _1'~, ~· .. - ..... --·------·--··,·--=-·-· ., --
... - '· .. -~-------· . -· ............. _., __ ...___. __ ... ___ ., __ _. ___ ,·, ...... ,. . ... 
,·.,. 
·' i 
i 
. l 
;· 
\ 
I 
' i 
,;; . -.. ,· ~-1 ,.~ .... -• .. _ • 
. . ... , . 
•. . \ I 
. . ' t', ·. . .,i, .. 
. . I , ,. ' 
.. • . , ,., .... , .. ····:"•'.''~~-:--"'~'"""''"",-...~~·~,___,.~~~,~.,,":'-_"~~.~"':_;,,~~,;,.,....,._,=--=•-•.-c...-.:--,,.-r~/-".....,~.......,..~='<';...,...,.,.:;,.."~...._.,.~~""':,TI.""".....--,;.. ••• ,-~ .• ,.,..,,~.-~~-"~- ... ,,..;,_-~.,,~~·--=---·· ,_.,'. .•• ~~~~~~~-~°';~~;..;~.~--- •• ....;.,, __ ,I: 
,, • I ')< • 1i '' 
\' . •' . . . J 
\; ~ •.. ' . • " i 
' . . . ' ... 1'• •• ' • J .. ' . . . 
l " ·, ·. ·, .,'l : . 
,. > ' 
.' l. . --~ . ;ti. ,, •• ~·-••. .- ;'. . . 
. . . ~ , I,·. 
-~-•~-•- .. : P.-~-,-,,·, ;-7•--•:__ ... ~ ........ --'-~ .. --• •· - .. 
. ,J 
__ :_J 
.. ·I') 
~ .. v' ~ 
. ) . ·' '.:] 
·. ~.-i 
•• f. ,· 
. i .. 
.. ',i. 
.. " 
'. ; 
' . 
. -- '. , ... -··· ~" -·- -- .. ' . ' . . . ,. - -
-- · EXPERIMENTAL PROcEnURJ!! -i-~ • _____ • ____ ..,_. __ ' - . , . .• 
' . 
\ '. . '~ . ' -
,'' 
~·. 
. I\ . . ' 
;;;-- -- . -~ .. '. -- ._ 
I, 
, ... ---- ~----'--- .. ,'.' . , . \ ·. ·. C 'c ; ~=.\i ' . ·--- - ---- . ---- .. -- ---·,---- ..... ~- _. __ _ . ····-·-·----- --·- ------- ______ .. _ -· 
.,p, .. 
_ The ·-Expeiim·ei;til-Va~riable_s_·~--~ ~- . ----_ ___,___:_ ______ .-:-----~....:.....:....~----=:..:..-__c._:.-_,_ ____ ~-~~~,,;_-. ~-~ 
. '( 
~-) C .! 0 • 
·\..-, l., 
__,_.. .... 
---- ·--------~· -------·- --·---- --- ·- 0 
--=------· - - - ---- - - -.. 
---~~--·_·' _________ . _ ., -·-·····- __ .,. _______ .... -. - USing i~n~~· =~~t~nt,, sintering time ·and sintert.ng_ temperature as. ·-cc •. ~ . ~ . > .I
··--·. -~--- ., .... "· . ------ ---~---------------· ---~-~--~--~--.........:  ~ ··--·-··=-=! 
' i 
l 
. ----~1 
. . . ! 
indepe~dent var!a}?le~, experiments w,ere designed to determine what · · 
. f 
.j 
• l 
_J . - . ·, 
.. 
· effect.s would <b:e ·obtai-n-ed in- the microstru.cture and the magnetic pro-..~--~--.--~-
~~- _ __=,,_ ___ , ___ _: ___ . 
, .· . _.,:.-._,t~:~·_>~ . ·. -~ ... ~- :.,.~:-·;-;·~--: .. :. ~-~--- \ ·. ' ·, . . '.c, . • . . . . . . ~ . : ;, . . . . ,,J .. •' 4 
. pe·rt_ies of'· the resultant· .mater1a·1. -Of particular interest; -·was~ "the < ), 
. ______ _.. __ 
.. , . 
' - .. . ~ 
~~==----.. ---'~'-------____ -._ ~-,--po---s-s-i1>iri ty ___ 9Tan-- int-eraet~r-on. oetween--the independent variables wh1eir-------------------
___ <J·~ 
·_I.'"'-
. ·' - ..• . 
.. ·would .staoli_lze the . sinte:ring process and .S:id in producing a more 
r 
. I 1· \ 
.. 
uniform product • 
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Pressing 
The pressing of the toroids was· done at 25,000 ·'·psi:. The p·re:ssirfg: 
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· of the -sheets was done at 35,000 psi. The higher pressure wa.s used 
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· for' the sheets· in an atteiµpt to obtain a more uniform green densi~y ~ 
at the pins. The sma11--~ size of the holes in the sheets and their 
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.uniform green density required for a high degree of reproducibility 
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·perfonne(j by two methods. One met~od. employed the use of_ 60-cycle 
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hysteresis loop:observations. This method was useful in the .examination 
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of the toroids as ?ell as producing a limitep amount of data from -the 
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_shee_ts. The use of a pulse .test set provided performance infonnation 
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· indicative of ;the operati.on of the s_heet in a memory application.· 
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ampere to a 15 turn excitation winding on the toroid. ·This resulted 
-_in a maximum drive. field of 7 .6 oersteds. The 1$gnetization was 
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o.btained by measu~ing the induced voltage in a second 1~ tt1rn winding." 
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.. ·· .. ···The· applied field was measured by sensing the .vol_tage drop across a one 
ohm resistan(b.e _in ·series with the excitation winding. 
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·· N =· turns in excitation·coil • 
I = applied current, amps. 
·L ~ length of magnetic circuit, ems. 
d = mean diameter of toroid, ems. 
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Since the mag11etic field is_~nversely proportioi;ial to the radial 
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distance from the current carrying conductor, the amount of mate.rial 
" 
bei.ng magnetized in the ··sheet is a_ .. function of the drj.ve"'- field. · The 
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magnetic circuit around the hole cannot be defined in terms of a mean 
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diameter or c~ss-section_ as is the case with a to_roid. Therefore, the 
60-cycle tes.t, when applied .to the .sheets,_ was limited to measureyPents 
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of coercive force as obse,rved by the position of the initial· induced· 
" ---c=... . ·- ..... :" .. 1::.~.'..-.... :,.~:.,_ .. -" ........ ,. . .. . ' . ' . 
I 
./ 
. 
.... _· =-~~--=~~~~~-~=:: · -.. :-· ~-~~-- ·---voltage puls·e. .. Th:is pu1·se was a-~_$µj]J~4.:.t(f 'be t_he~ result o,f :flux .. ·rever-. --
~. _,.,,:,- . -.. ---·-·:·'"···,-
f 
/ 
/ 
. -/'~---- - ---···- .. ------ ··--·--···---·---··---·-·--------
. 
sals in the material in proximity to the edge of the hole which has. 
'i.'\i!&. 
' ' 
,·( 
) 
;:..; 
' ·; 
·•· 
' 
·'· 
I 
-~--
a fixed diameter~ 
.. 
_, ·------------.
.._ " ( '· 
. \. 
I 
- . 
15 
.,,,-=-=--=-'--~--==-=-==·-,..,.,,.. .. . -.--:---'--=,-.,-,~----,.,_,_---,, __ -=-----,,,-,----~---. ---- -· " ........ -- ---~ ..... --- _. ·-' 
. . · ·-·· -· . ··i .. ,. ' . 
,. ----·' ' ', \,. . 
. ... _-. 
·-~ .. 
' 'I .. 
• _,. .. 11 
,·· , • . , o' ; , : • •'·' ;"C.'1 .·,,,,.,,' C / i ,•' ' ' ' ., ; ' ' ' , •• \\.·,,:::~_:: 1·.' .::L:/::,.~·-·~·i':::L:,.0~~:.':.::L~,.:;:~~;~~~· ,; 
: ;.,•,.~,-... :-·---.,.__,,;,.._--:,_,.;;.,:....~-··~--~~;~~~: ... 1,:,:•·'~· :, • •• ,-;.cc ..... • .
1 
· • • ,-,, ., · · , · • , : •' , • '·, •••• ( • ,, , • , , • .,. • ' ,· JI 
• ' I ' • • ffl 
. 
, I •' , 
,,. 
' \ ' ' 
~. 
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\ 
.. --· --- - ------ - .... ·~ 
- -- ----- ---- -·-··- _,, __ -- ~ - - .. - - . ~ ~1" 
.pu:tses to a conductor passing through the. hole in the ferrite ' : .'·· )~ 
.__: . ·-. ' ' ' ---~ .. - ... --~-------.--------.-. -·-----~--- ------ . \ ·-- ' 
--.. -----·---..--.,..--. --~-----·-sheet.. ·· F1gllre · 4 · shows · tne ·. · sequence--cff--t11e puise s·. on .a · t 1me · Sc ate · ·· ·· ·· ~ · -- --------- · i 
~ . m 
' ~- .:···: __ .:....~·--:------·---.·-·'current 
. , ' ' . 
·• . starting with 
-- _ .. _ ·-
... -
~--···-·:· .. ' 
--··-----
-. ,-··', 
''i follows: --- . - ··- -· -----···. 
' . 
•· ------------~-
.... 
' . . 
.----~-
. .. ' 
• . ! 
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pulse and the induced voltage is· measured and designated 
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Pulse No. 3. ·11 " The.magnetization is changed to the one 
--· ..... --- . 
. state again • 
Pulse No. 4. This is a disturb pulse and is 60% of the 
amplitude of pulses Nos~ 1, 2 or 3.· The purpose is to 
-..... 
·simulate· the effe:.ct. o~f single pulses which occur when the sheet 
is used in a two or· three dimensional array. The· remanent 
,. 
state. of the magnetization should not be changed appreciably, . 
by the application tif this pulse. 
-- L--···· -- .,;,;, 
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Pulse No. 5 •. The magnetization .is changed to the "zero"· 
- state. . . - . ~: ' ,.. The in.duced voltage is.~mea..sure_d and designated dV , 
1. 
d " " f/ isturbed · one output • ~· 
. , 'r 
. , .-
Pulse, No. · 6. 
. Ji't ·-· ,. .. . - ' · .. 
This is a disturb pul~e of the same· ty,pe as '· . 
-~· ... 
pulse. No. 4 • 
No. 2 and No. 5. 
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F~gure 5. T.b.e._· large.·pulses, No.S.·1, 2-, 3, 5 and~7, are 0~5 amperes·. 
The pulses, Nol;·o 4 and -6., are 0.3 ·amper·es. The width of all the pulses 
-
. 
. . ' 
· is 4 microseconds as measured at~-the- 50% arnplit-ude- points.- The···rise· "--···. 
·····-· ·---~ time' is .o:~-~---mlcroseconds--aiid the fall time is 0.6· microseconds as 
measured from the 10 to 90% amplitude points. 
.. 
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The induced voltage waves are shown in Figure 6. · The ~argest trace 
repr_esents the uV 1 output o The second largest trace i~ for the dV 1 out-
. •' 
'"' put and the smallest trace · is for the dV z output •. The _dV 1 and ~V z 
?Utputs a~e functions of the,.disturb current pulse amplitudes and the 
coercive force of the mat~rial. ·As the disturb current pulse app~aches 
the value corresponding to the-coercive force of the material, cIV1 will 
. decrease and be substantia,lly less than the uV · output. When the dis~ 
·l . 
turb pulse No. 4 was adjust~ed so that ~the dV1/\IV1 ratio became equal 
to- 0.9, · thfs current was· measured and entitled. switching d·rive level. 
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A reasonably good correlation between the'· values of this switching dl1'ive 
level ~nd the coercive for6e measurements' from the -60-cycle test was· 
',~. . '-.. ~ 
. ' obtained. 
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To provide the information.as to the effects of zinc content, ..:;.._;, ,: . 
S.intering t.ime and t.em.perature on the rnicrostructure of the ferrite, 
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·. _· _____ : _____ · .. _. _ -___ . ___ · _ . .: __ .t.he ____ .p.ozo.si.t.f--a.and ... ,g.rain .size .were· -measuredo The method· of _determining_ 
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Figure 5. Superimposed oscilloscope trace of seven pulse 
train. ' ,. 
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rigure 6. Typical output vottages uV1, dV1 and dVz · superim-
posed on oscill.oscope screen. 
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The graill size measurements were made on the same s.amples 
J' a;fter 
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etc-hing in a solution of 50% HCl and 50% water at so0 c·· 
• The lineai------
intercept method was employed which resulted in a mean intercept graiQ 
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a grid with 121 · intersect io.ns. This produces·a stanqard error of· the ·· · ---· · --1 ····-·· -·-··-···· ··-·-·-- ·-··- ···-··-----------·-· ~;~---------------:··---- . - T __ ; C,t.-.·~-~_:.: ..
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_mean, cr-, equal to less than one per cent porosity._ The iog-log plot 
X 
- - . . . 
~-~-----~-~~0-f--porosity_ .. _v_ersus_ sinte:ring time i_p_~ __ sed ~.Q-~--~eck _!!le linear dependence 
- . .......-~--·--·--- ..... ------___,...-'---__:_·~:-:-'f',, 
,.;•', 
... ,,·, 
' of variabl·es ,.supposedly related by a constant. exponent. Using Porosity ... -~•. . ...-': ., '• t-"\. 
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; .. ,· ___ ·,· ; -' - - ."'· '. 
·n 
= At as a .model, Figures 7 and 8 indicate that the- approximate values 
- .. 
. 
---·- .. L... tf, 
_ _'_ of _n are. 
1
-0 o,28 ·an·d -0. 21 for the sintering temperatures of 1200°c and . ,. 
------- ------------ ----
'"( ' 
,,,,, ... ~ _12~0~C respectively II ~e temperature dependence of porosity is indicated 
·---------·-----··--·--- ------·--···------ -·~- - . 0 O · 
by:~&. comparison of the 1200 C line and the _1250 _C line shown together·.:,. 
____ .,, -
. . - j.n Figtl'r·e- ·s·.·: ... Withi.;µ the limits.of-th~ experiments, no-significant 
.!' , ... 
.. --r-e.l-at-ionship bet_w_een .zinc content and porosity was determined. 
... \ '· . 
Linear shrinkage measurements are shown in Figures 9, 10,aftd 11. .- · .. _·_· .... - ,, 
Since shrinkage i.s . related to porosity -a-nd the same diffusion mechanism 
f - --·· . 
applies ,_~the, lo·g-iog plot is used again to· detennine the exponen.:_t of -
~) . . 
time. The theoretical model by Kingery<7 ) ha: .,, ( 
,. ' 
L/ n. . r- , fl w = Kt 
- . 1. i ,.• 
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whe·re fjL/1.D =··· Linear shrinkage per unit length. 
. \ 
-- ,K = Constant~ over a _limited ra.nge of time. ,--- ·· :.· · 
., t -= ··Sintel:ing t·ilne. 
,rl,,. •..• ---
· ... 
· n =. Constant· (0 .4 for early ·stages of sintering). • .. "\ 
.. ~ 
. The e~erimental .. values of n from Figures 9, 10 and 11 are. o·.155__,_ 0 .·1
1
57 
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and 0.058 for the sintering temperatures of 1200°c, 1225°c and 1275°C 
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Kingery states that values of n · ranging from · 0 .1 · to O. 5 c~n be expected • 
t' . . i· . - .. _ .. ~. -· .''·• -
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not .. always insignifi9ant and that inclusions, such as pores, will tend 
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to inhibit grain growth. The values of n determin~d from the slopes 
. . 'i .. ( : .. '1 . .r-: . Qf Figures 12 and 13 are·· o.~78 and 0.173 respectively_., No effect of 
zinc content on· grain growth is observable from the __ dat~a. 
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Figure 14. Discontinuous grain growth in a ferrite sheet. The com~ 
po.sition is Mgo.57 Mno.66 Zno.05 Fe1.12 04+. Sintering 
conditions are 1225°C for 8 hoµrs. Magnifica~ion is 
200X. The polished surface has beeri etched with a solu-
tion of 50% Hcl. 
Figure 15. 
I.'. 
Variation of porosi·ty at edge of hole in ferrite sheet. 
Sintering conditions are 1275°C --for 8 hours. Magnifi-
. 
cation is 500X. The polished surface is not etched. 
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The ___ expected ef-fect of zinc content on· the 60-cyc~e coercive fo;r
ce 
measurements is shown in Figur.es 16 · through ~1 by observing the 
separa-
tion of the lines representing the various,· compositions. This 
effect 
...... 
is attributable to . the change in 'magn~tocry_stalline -~nisotropy as _the 
.zinc· content va~.ies. The substitution of iin·c for magnesium is 
a 
, .. 
reasonable means_ o.f adjusting the propertie·s o-f the ferrite material to -
\ 
obtain .. a given coercive force.- The empirical expressio~ which c
an be ·· 
used to obtain an estimate of the-coercive force for a given zin
c 
. ' content (x) is He = be-cx_a where the constants a, b arid c · are ·func~ 
tions of. sinte~_ing · time and t.emperature as indicated in -the follo
wing. 
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The sintering. times are 8, 4, 2 and 1 hours for the 
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traces ·shown from top to bottom. The composition of 
the ferrite is _Mg0 •52 Mn.0 •66 z~0 •10 Fe1•72 o4+. The 
horizontal . deflection repr.esents O. 2 amps per divi-
sion. · The hole diameter is 0.025 inches • 
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